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Description 

The present Invention relates to a furnace for 
the high temperature heat treatment of plastic or 
hardened products, especially flie treatment 
<baking/ca»cming) of carbon bodies which are used 
for cells for the electrolytic reduction of afurhina or 
for other eiectrornetallurgical processes. 

For baking carbon bodies for ceBs for the elec- 
trolytic reduction of alumina or for oth^rr elc- 
trometaflurgical processes, special furnaces are 
used for the heat treatment of these carbon poaies- 

Tbe carbon bodes are made in the required 
shape from a mixture of crushed coke or antradte 
and a binding agent which, for example, contains 
coal tar and pitch. 

At room temperature the mixture of cofte and 
binding agent is stiff, but it becomes softer at 
temperatures over about 120~C, giving off low- 
volatile components from the binder. When sub- 
jected to further heating over a period of tirrie f to a 
maximum of 1300*C t the paste hardens, end its 
physical properties such as electrical conductivity 
and resistance against oxidation change. 

Carbon bodies awaiting baking are UsusaUy 
referred to as "green carbons"- These green car- 
bons may weigh several tons end have a length of 
two metres and more. To prevent their becoming 
deformed when passing through a temperature 
range in which they become soft, special precau- 
tions have to be' taken* When using a krtovjrn type 
of furnace for the baking of such carbon bodies, a 
so-called ring section type furnace, the green car- 
bon bodies are placed in deep pits In the furnace 
which are made of refractory bricks. The, space 
between the carbons and the pit walls is filled with 
coke to support the carbons- Coke breeze also 
serves to protect the carbons against air combus- 
tion. 

Several pits are built adjacent to one another 
forming a so-called section. 

The walls between the pits ere provided with 
channels, or ducts, for the flue gases. {feat is 
supplied to the carbon by passing the flus gases 
through these ducts. 

Rue gases from one section pass, through 
ducts, to the adjacent section. In this manner the 
flue gases can pass through several scctiofis con- 
nected In series in e so-called firing zone. The 
usual fuels are oil or gas. ' 

The flue gas vent and the burner manifold can 
be moved from section to section- 
In a large ring furnace there may welijbe two 
rows of sections built alongside one another for- 
ming parattet rows. At the end of a section row, the 
flue gas ducts are connected to the ducts in the 
parallel section row. In this way* the sections are 
joined together to form a ring. It Is for this' reason 



that such a furnace for baking carbon bodies is 
known as a ring section furnace. 

In a ring section furnace there may be several 
firing zones in which the temperature is regulated 

5 according to a given program. The first section in a 
firing zone has low temperature. These are fol- 
lowed by sections wfth higher temperature, whilst 
the final stage in a firing zone constats of those 
sections in which the carbons are cooled. 

to In a furnace of conventional design each sec- 
tion Is closed at the top by means of a section 
cover, and this has to be removed when green 
carbons are to be charged or baked carbons re- 
moved, 

re On account of the special properties of carbon 
bodies, it is necessary to avoid too large tempera* 
ture gradients during baking, as these would result 
In cracks in the final product. Each section must 
therefore follow an exact time and temperature 

20 program.. 

In the first part of the zone, the heating Is up to 
600 • C by the heat In the flue gases from the last 
part of the firing zone. Later, in the temperature 
range from 600 *C to the required top temperature 

a* (1200-1 300 -C) the heat must be supplied by the 
above mentioned combustion of oil or gas. 

in the cooling zone the pit wails are cooled by 
air untO the carbons can be removed without dan- 
ger of oxidation. 

so As mentioned above, the firing zone in a ring 
section furnace is moved by moving the flue gas 
vent and the burner from section to section. This 
moving of the firing zone represents an invidious 
heating and cooling of each of the sections which 

35 is energy economically disadvantageous* firing 
technically cumbersome and causes thermic 
strains in the furnace material. 

Further, the ring section furnaces are targe and 
cumbersome to operate (run), and are expensive to 

40 build as they are made of refractory bricks. 

A ring section furnace of the above mentioned 
type is described in the Norwegian patent No. 
152.029. 

The present invention provides a new furnace 
45 concept which is essentially improved compared 
with the above ring section type: 

- The investment costs only represent 1/4 - 1/5 
of the corresponding costs for a ring section 
furnace, as only the part of the furnace which 

so is subject to high temperature heating is 

made of refractory material, while the other 
parts of the furnace is made of cheaper ma- 
terials. 

- The energy comsumption is less, as the firing 
55 zone Is stationary (not moved around) and as 

the low-volatile components from the binder 
of the carbon bodies (when such products 
are heat treated) are used as fuel gas. 
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- Lower maintenance costs. j 

- More flexible technical construction (from 
1000 to 10000 tons capacity), as ^he furnace 
has smaller overall length. j 

This is achieved by means of a furnace defined 
in the characterizing part of the present claim 1. 

Preferred embodiments of the invention are 
defined I n the subordinate claims. j 

The invention wit! now be described in more 
detail by means of an example and with reference 
to the drawings, where: 

Rg. 1 depicts a sectional perspective view of 

a known section built furnace. 
Fig. 2 depicts a sectional perspective view of 
the same furnace, but built in accor- 
dance wfth an Improved, new version, 
Rg. 3 depicts a longitudinal section of a fur- 
nace according to the Invention. 
Fig. 4 deplts a cross-section of the furnace 
shown in Rg. 3 along th]e sectional 
fine A-A. and 
Rg. 5 depicts a cross-section of Jhe furnace 
shown In Rg, 3 along the sectional 
Bne B-B. 

Rg. 1 M partially cut-away Illustration of a 
section of an earner design with five pjts 1 . In the 
pit walls 2 there are flue gas ducts 3 through which 
flue gases flow downwards from the space under 
the section cover (not shown) and down into a 
space 4 under the bottom of the pits 1 . [The upward 
flow of the flue gases from below is through com- 
bustion chambers 5. ! 

In Rg. 2 Is shown a similar section -from which, 
according to the Improved version, the .combustion 
chambers have been removed. Under ( the bottom 
of the pits there Is provided a partition jvaJI 8 which 
divides the space under the pits irrtojtwo. In this 
manner, the flue gases flow upwardly through one 
group 7 and downwardly through another group B 
thereof. ! 

In operation, a cover plate rests; on section 
walls 9. The cover plate Is not shown, but will, ki 
Rg. 1 as well as in Rg. 2, ensure that jthe gas flow 
is led through me appropriate ducts . 

From the space under the pits Is; a duct (not 
shown) to pipe connection points da on the top of 
the furnace. These are used for connecting the 
Individual section to the flue ring main 9. 

The firing can. as previously mentioned, be 
performed in several ways. The fuel Cfn be fed. in 
whole or In part Into the space over each pit wail. 

The firing zone is moved by moving the oil or 
gas burners m turn from one section to the next, all 
through the furnace. In this way the section close 
to the firing zone has the highest temperature, 
while the section at the end of the nog has the 
lowest temperature. 



The cooling of the sections is achieved by 
circulating the combustion air through said sec- 
tions. In this way the combustion air becomes 
preheated, whereby the efficiency of the furnace is 

5 improved. 

The ring section furnace is, however, neverthe- 
less expensive to operate and is based on manual 
handling of the carbon bodies when they are 
placed in and taken out of the pits. 

to As opposed to the ring section furnace where 

the products being heat treated are placed In sta- 
tionary pits and where the firing zone Is moved 
from one section to the next the present invention 
relates to a principally different furnace In which 

;s the firing zone is stationary, which means that the 
firing zone is placed in the same position, while the 
products being heated are circulated through the 
furnace. 

In Rg. 3, which depicts a longitudinal section of 
30 a furnace according to the Invention, the products 
17 are, at first, led through an upper, horizontal 
tunnel A in which they arc being preheated. Further 
through a vertical shaft or pit B where the heat 
treatment (baking/calclnlng, drying) Is taking place, 
25 and finally through a horizontal tunnel C bi which 
the products are cooled. 

The upper tunnel A is provided with a packing 
shirt 11 at its inlet end 12. preventing gas leakage 
between the products entering the furnace and the 
so furnace inlet A similar packing shirt is provided at 
the outlet B of the coofing tunnel C 

The products 17 are travelling through the tun- 
nel A on a roll conveyor 14. The tunnel A may be 
slightly inclining so that the products are travelling 
35 by themselves due to tho gravity force, ft is, how- 
ever, also possible to use other types of conveyors 
such as belt conveyors or a type of sliding con- 
veyor where the products are placed on heat resis- 
tant pallets or the like. 
40 In the tunnel A the products are preheated by 
means of radiant heat from the tunnel wails 15* The 
product (when made of carbon or the tike) has to 
be kept from coming into contact with the air 
(oxygen) during the baking process, end Is there- 
46 fore surrounded by an inert gas atmosphere, tt is of 
utmost Importance that the packing shirt 11 at the 
inlet end 11 respectively outlet end 13. fits dosely 
to the products so that the inert gas Is prevented 
from escaping. 
bo To be able to obtain a uniform temperature in 

the product, the tunnel A may be provided with a 
fan (not shown), adapted to blow the inert gas In a 
transverse direction. In the tunnel A there is dis- 
posed an outlet 16 for the low-volatile gases given 
55 off from the product during the baking process. 
These gases are used In the combustion process, 
as will be explained in a later part of the descrip- 
tion. 
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Tho tunnel wall 15 is heated by mean's of flue 
hosting oil or other types of heat carriers 
passing on the outside af the tunnel fwaJJ 15, 
through ducts or tho space 27 between trie tunnel 
wall 15 end the external insulated wall il8. The 
tunnel wall 15 nay also be heated by rWns of 
electrical heating elements. I 

Tbe product is transferred from the tunnel A 
down through the substantially vertical baking 
Chamber or pt B. The product which, as previously 
mentioned, can be carbon bodies, is placed on top 
of each other In a stack 25 in the baking chamber 
B. At the bottom of the chamber B is disposed a 
piston, brackets or the like, which holds the product 
hi the right position in the chamber. It is also 
possible, Instead of the piston 24 or brackets, to 
use some kind of conveyor. j 

The piston or brackets lowers the product slow- 
ly through the chamber B, and when tho jtop side 
of the uppermost product layer is on a level with 
the conveyor 14 in the tunnel A, a newj product 
layer is pushed on top of the stack 25. 

At the bottom of the chamber B is further 
tfsposed a clamping device 34 which hfolds tho 
stack 25 temporarily so that the lowermost product 
layer can be pushed into tho tunnel C. j 

The vertical baking chamber B is jnade of 
refractory bricks 19 or other types of Isolating 
material. The refractory wall is provided with flue 
gas ducts 31. Air is supplied to the bottorji end of 
the ducts 21 and 15 preheated by means of radiant 
heat from the product 17 as ft is passing upwardly 
through the ducts. Combustible gases are .supplied 
to the combustion chamber or firing zone 22 in the 
baking chamber B, through a pipe 23 which Is 
connected to the upper horizontal tunnel A. The 
combustible gases and air supplied though the 
ducts 21 react giving off heat to the refractory 
bricks as the flue gases from the combustion pass 
upwards through the ducts 21. When reaching the 
upper ends of the ducts 21, the flue gasep are led 
into the ducts or space 27 between the tunnel wall 
15 and the outer furnace wall 18 In the tunnel A. 
thereby, as previously mentioned, giving off heat to 
the product 17 through the tunnel wall 15. j 

After the baking of the product 17 accom- 
plished In the baking chamber B, the product 17 is 
transferred to the horizontal or slightly ! inclining 
tunnel O by means of a piston or the fjke. Tho 
tunnel C is constructJonally for the most part built 
in the same way as the tunnel A, and consists of a 
tunnel wall 28 and an outer furnace wall 29. Fresh 
air is supplied to ducts 3 or a space 30 ! between 
the tunnel wal 28 and the outer wall 29 b|y means 
of a fw 31 The sir supplied to the space 30 cools 
the tunnel wall 28 and thereby mcfirectJy the prod- 
uct 17. When passing through the space 30. the air 
becomes heated and may be used as colnbustion 
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air in the firing zone 22. or discharged to the 
atmosphere. 

The flue gases are at first, as previously men- 
tioned, led upwards through the ducts 21 in the 
refractory wall 16. and are thereafter led into the 
space or ducts 27 in the tunnel A. A fan 32 is 
disposed at the inlet end of the tunnel A which 
extracts tho flue gasos from the ducts 27 and 
transfer these through a pipe to a washing unit (not 
shown). The flue gases may. after being washed in 
the washing unft be used as inert gas In a connec- 
tion with the baking process. The inert gas is 
supplied to the furnace through an inlet 33 at the 
end of the tunnel C. and Is gradually being mixed 
with the tow-volatile gases which are given off 
during the baking process. The gas extracted from 
the tunnel A (at 16} and which is used as combus- 
tion fuel in the firing zone 22, Is thus containing 
some amount of inert gas. Preferably the flue gas- 
es (after being washed) may be used as inert gas. 
It is, however, within the frame of the invention, 
also possible to use other typos of inert gases such 
as nitrogen. 

In the example mentioned above, it has been 
understood that the product being subject to heat 
treatment, such as carbon bodies for the electro* 
lytic reduction of alumina, Is giving off low-volatile 
gases which can be used as fuel gas in the firing 
zone 22. 

The furnace can, however, also be used for the 
heat treatment (baking) of Other products, not giv- 
ing off such low-volatile gases. 

In such a case rt is necessary to use a larger 
amount of other types of fuels such as oil or gas, 
or even electricity by disposing electric elements in 
the vertical pit B. 

Besides, it is not necessary to arrange the 
firing zone within the furnace. Thus, the firing zone 
can be disposed on the outside of the furnace by 
using a heat carrying medium, such as heat oil, 
which can be led through pipes (not shown) to 
ducts 21 and ducts 27 in the furnace, and there- 
after is returned to the heat exchanger in the firing 
zone. 

One of the main advantages of the furnace 
according to the present Invention is that it is 
simple to build and has low investment costs. 

This is mainly achieved by providing the fur- 
nace with only one firing zone 22 in the vertical 
baking chamber B, whereby only the vertical cham- 
ber B needs to be built of refractory material. Tho 
other parts of the furnace, the tunnel A and the 
tunnel C can be built of other materials such as 
steel. 



'23-JUU-97 10:34 LAZAR ENTERPRISES PtyLtd +61 3 98184445 P - 06 

.22/07 '97 10:16 ®49 911 5218231 Riedh-KST 59 B005^ 



EP 0 255 611 B1 



Claims 



I 



1. Furnace for high temperature heat treatment of 
plastic or hardened products (17),: especially 
heat treatment (baldng/caldning) jof carbon 
bodies which ana used for cells for the electro- 
lytic reduction of alumina or for other etec- 
trometallurgfcai processes, \ 

,j characterized In that (the furnace {consists of 
a first or upper horizontal or slightly inclining 
tunnel (A) in which the products (17) are 
preheated, a pit or baking chamber (B), con- 
nected to the first tunnel (A), in! which the 
products (17) are subject to a high temperature 
heat treatment and a second or lowjer horizon- 
tal or slightly inclining tunnel (C) connected to 
said baking chamber (8) in which the products 
(17) are cooled whereby the products (17) sur- 
* rounded by an inert gas atmosphere^ are trans- 
ported through the furnace by megns of hori- 
zontal conveyors (14) disposed In tfjve first and 
the second tunnel (A. C) and a vertical con- 
veyer (24. 26) disposed in the baking chamber 
(8). | 

2. Furnace according to claim 1 . ! 
characterized In thai j 

the Inclination angle of the first (A) $nd second 
tunnel (C) has such a sIzb that thj? products 
can be transported by means of rojter or slid- 
ing conveyors due to the gravity force. 

& Furnace according to claim 1 . j 
characterized In that 

the transportation of the products p7) is ac- 
complished by moans of power driven belt or 
chain conveyors or Other types of conveyors. 

4. Furnace according to claim i , j 
characterized In that | 
the transportation of the products 117) in the 
chamber (B) is accomplished by nSeans of a 
vertical plstonfcyfinder arrangemenjt (24) dis- 
posed at the bottom of the chamber (B). or by 
means of vertically alideable brackets, slowly 
lowering the product stack m me chamber (B), 
a clamping device 04) disposed in the cham- 
ber (B), slightly above the bottom, which inter- 
mittently holds the product stack (25) so that 
the lowermost product In the step can be 
transferred into the second tunnel (G). 

6. Furnace according to claim 1, wherein the 
heating is accomplished by mearfc of ofl or 
gas combustion In a firing zone (22), 
characterized In thai 

the firing zone Is disposed In the lower part of 
the baking chamber (B) and that trje chamber 



walls are provided with ducts (21). whereby the 
flue gases pass through the ducts (21) from 
the firing 2one (22) and further are led into 
ducts (27) in the upper tunnel walls (15,18). 

s 

& Furnace according to claim 5, 
characterized In that 

the flue gases, after having passed through the 
ducts (21,27) are extracted by means of a fan 

10 (32) and are transported to a gas washing 

arrangement, whereafter the flue gases, after 
being washed, are transferred to the furnace 
space (35). in which the heat treatment of the 
product takes place, through an inlet duct (33) 

is in the cooling tunnel (C), thereby being usod 

as inert gas under the heat treatment of the 
products. 

7- Furnace according to claim 5. wherein the pro- 
20 ducts being heat treated give off low-volatile 
combustible gases, 
characterized In that 

the low-volatile gases are extracted from the 
furnace space (35) and are led through pipes 
sb (23) to the firing zone (22), there being used as 
fuel gases for the combustion process. 

& Furnace according to claim 1. 
characterized In that 

so the cooling of the products (17) in the cooling 

tunnel (C) is accomplished by means of fresh 
air which is led through ducts (30) disposed in 
the tunnel wall (28.29). and that the fresh air. 
after having passed through said ducts (30), is 

as led into the ducts (21) at the bottom of the 
baking chamber (B). said ducts (21) being con- 
nected to the firing zone (22). whereby the 
fresh air can be used as combustion air in the 
firing zone (22) or is dfecliarged to the at- 

40 mosphere. 



9. Furnace according to claim 1, 
characterized In that 

the preheating of the products (17) In the tun- 
nel (A) and the baking of the products (17) In 
the baking chamber (B) Is accomplished by 
means of electrical heating elements disposed 
in the tunnel walls (15). respectively chamber 
wans (19). 

PatentansprQ che 

1. Ofen tar Hochtemperaturbehandlung von pla- 
rtfechen oder gehSrteten ProduWen (17), ins- 
basondere Hitzebehandlung (Brennen. GlQhen, 
Hasten) von KohtenstoffkSrpem, die fOr Zellen 
zur efcktrolytischen Reduktton von Aluminium 
oder far andere eleWrometaKurglsche Prozesse 
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so 



as 
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